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Th i s  r e p o r t  covers t h e  i n i t i a l  per iod of a capsule  program, extend- 
ing  from June 26, 1964 t o  September 26, 1964, t o  examine t h e  in f luence  
of  stress on t h e  cor ros ion  behavior of an advanced r e f r a c t o r y  a l l o y  i n  
potassium (Task I) and t o  i n v e s t i g a t e  cor ros ion  m a s s  t r a n s f e r  e f f e c t s  
i n  a s t a i n l e s s  steel-columbium alloy-potassium system (Task 11) . 
Task I 
While t h e r e  i s  cons iderable  evidence t h a t  r e f r a c t o r y  a l l o y s  have 
e x c e l l e n t  co r ros ion  r e s i s t a n c e  t o  potassium, t h e r e  are f e w  experiments 
which desc r ibe  t h e  p o s s i b l e  e f f e c t s  of stress on cor ros ion  when t h e  
stress i s  s u f f i c i e n t l y  l a r g e  t o  produce s u b s t a n t i a l  amounts of creep 
during t h e  tes t .  It i s  appropr ia te  f o r  comparative purposes t o  s tudy  
an advanced r e f r a c t o r y  a l l o y  which has demonstrated e x c e l l e n t  co r ros ion  
r e s i s t a n c e  t o  r e f l u x i n g  potassium during long-time exposures conducted 
a t  r e l a t i v e l y  low stresses a t  2000°F. I n  t h i s  regard ,  D-43 columbium 
base a l l o y ,  i n  t h e  form of welded capsules ,  has  been t e s t e d  i n  potas -  
sium under r e f l u x i n g  condi t ions  f o r  per iods  of 5,000 and 10,000 hours 
a t  temperatures  on t h e  order  of 20000F(1) and has  been s e l e c t e d  f o r  
i n c l u s i o n  i n  t h i s  program, 
The D-43 a l l o y  r e f l u x  capsules s h a l l  be  t e s t e d  under condi t ions  
which r e s u l t e d  i n  about 5 t o  10% s t r a i n  during a 500- t o  2,000-hour ex- 
posure pe r iod  i n  t h e  2000' t o  2200°F temperature range. The capsule  
w a l l  s h a l l  be reduced i n  t h e  potassium l i q u i d  r eg ion  and i n  t h e  vapor 
condensing reg ion  t o  provide gauge sec t ions  where t h e  ex ten t  of creep 
can be measured. Moderate temperature adjustments can be made during 
t h e  tes t  t o  achieve t h e  des i r ed  s t r a in - t ime  condi t ions .  
Task I1 
The u s e  of s t a i n l e s s  steel, r a t h e r  than  r e f r a c t o r y  a l l o y s ,  f o r  power 
p l a n t  r a d i a t o r  cons t ruc t ion  and f o r  t h e  lower temperature  p o r t i o n  of ex- 
per imental  f a c i l i t i e s  would c o n s t i t u t e  cons iderable  material and f a b r i -  
c a t i o n  c o s t  savings.  However, i n  b i m e t a l l i c  systems inco rpora t ing  re- 
f r a c t o r y  a l l o y s  and s t a i n l e s s  s t e e l s ,  t h e  major u n c e r t a i n t y  and l i m i t a -  
t i o n  arises from t h e  m a s s  t r a n s f e r  of i n t e r s t i t i a l  elements from t h e  
s t a i n l e s s  steel  t o  t h e  r e f r a c t o r y  a l l o y s .  
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It i s  w e l l  e s t ab l i shed  t h a t  t h e  carbon and n i t rogen  t r a n s f e r  from 
Type 316SS t o  Cb-1Zr a l l o y  at  temperatures near  1500°F.(2) While some 
important a spec t s  of t h i s  m a s s  t r a n s f e r  behavior have been examined, 
s e v e r a l  c r i t i c a l  d e t a i l s  r e q u i r e  a d d i t i o n a l  i n v e s t i g a t i o n .  There i s  a 
need t o  de f ine  acceptab le  t i m e  and temperature condi t ions  of opera t ion  
i n  t e r m s  of maintaining s a t i s f a c t o r y  performance of t h e  r e f r a c t o r y  
a l l o y s ,  such as Cb-1Zr a l l o y .  Also, t h e r e  are c e r t a i n  m e t a l l u r g i c a l  
a spec t s  of t h i s  behavior which should be i n v e s t i g a t e d  i n  an e f f o r t  t o  
e l i m i n a t e  o r  reduce t h e  m a s s  t r a n s f e r  rate, I n  t h e  la t ter  ca tegory ,  
i t  i s  most appropr i a t e  t o  consider t h e  s t a b i l i z a t i o n  of carbon and 
n i t r o g e n  i n  t h e  s t a i n l e s s  steel by t h e  a d d i t i o n  of m e t a l l i c  elements 
which form carb ides  and n i t r i d e s  of high thermodynamic s t a b i l i t y .  
Commercially a v a i l a b l e ,  t i t an ium s t a b i l i z e d ,  Type 321SS i s  one such 
a l l o y .  A comparative i n v e s t i g a t i o n  of t h i s  a l l o y  and Type 316SS should 
i n d i c a t e  t h e  a b i l i t y  of t h e  t i tanium a d d i t i o n  t o  reduce o r  e l imina te  
i n t e r s t i t i a l  m a s s  t r a n s f e r  i n  a s t a i n l e s s  steel-Cb-1Zr a l l o y  b i m e t a l l i c  
s y s t e m .  
l i q u i d  potassium i n  Type 321SS and Type 316SS capsules  f o r  1,000 hours 
a t  1400OF under isothermal  condi t ions t o  eva lua te  t h i s  p remise .  




During t h e  f i r s t  q u a r t e r  of  t h i s  program, t h e  t o p i c s  a b s t r a c t e d  
below were covered. 
t h i s  r e p o r t .  
The r e s u l t s  are i n t e r p r e t a t i v e l y  presented i n  
Task I - S t r e s s  Corrosion Reflux Capsule T e s t s  
A l i t e r a t u r e  search  and da ta  compilation of t h e  p r o p e r t i e s  of D-43 
a l l o y  were performed. 
The D-43 a l l o y  bar  t o  be used i n  t h e  f a b r i c a t i o n  of t h e  r e f l u x  cap- 
s u l e s  w a s  ordered. 
Design of t h e  s t r a i n  measurement and o the r  a u x i l i a r y  equipment w a s  
completed and d e t a i l e d  drawings were s e n t  t o  t h e  NASA Technical  Manager 
f o r  approval.  Subsequently, a l l  t h e  component p a r t s  were ordered. 
Stress c a l c u l a t i o n s  f o r  the design of t h e  D-43 a l l o y  capsules  were 
completed and t h e  capsule  design w a s  i n i t i a t e d .  
Task I1 - Bimeta l l ic  Isothermal  Capsule Tests 
Type 321SS and Type  316SS pipe t o  be used i n  t h e  f a b r i c a t i o n  of 
t h e  t es t  capsules  w a s  ordered and received.  Evaluat ion of t h e s e  mate- 
r i a l s  and t h e  Cb-1Zr a l l o y  shee t  t o  be used f o r  t h e  f a b r i c a t i o n  of t es t  
specimens w a s  i n i t i a t e d .  
Assembly of t h e  tes t  f a c i l i t y  w a s  i n i t i a t e d .  
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111. TASK I - STRESS CORROSION REFLUX CAPSULE TESTS 
A. Material Procurement 
The D-43 a l l o y  capsules  f o r  Task I w i l l  be f a b r i c a t e d  from 1-1/4- 
i n c h  d i a m e t e r  bar s tock.  The dec is ion  t o  purchase bar i n  p l a c e  of 
t ub ing  w a s  made as a r e s u l t  of s u b s t a n t i a l l y  h igher  p r i c e  quota t ions  
and long d e l i v e r y  t i m e s  t h a t  were rece ived  from t h e  vendors f o r  D-43 
tub ing  and t h e  g r e a t e r  c e r t a i n t y  of achieving t h e  des i r ed  g r a i n  s i z e  
i n  t h e  bar .  I n  add i t ion ,  by e l e c t r i c  discharge machining a co re  from 
t h e  bar ,  material of t h e  same meta l lu rg ica l  morphology i s  made avail- 
a b l e  f o r  p r e - t e s t  eva lua t ion .  Delivery of t h e  bar  i s  expected November 
4 ,  1964. 
B. Capsule Design 
I n  o rde r  t o  c o n t r o l  t h e  amount of s t r a i n  t h a t  i s  induced i n  t h e  
capsu le  w a l l  during t h e  t e s t ,  it w a s  necessary t o  e s t a b l i s h  t h e  rela- 
t i o n s h i p  between u n i a x i a l  creep s t r a i n ,  as determined by a simple t en -  
s i l e  test ,  and t h e  d iamet ra l  change obtained i n  p re s su r i zed ,  potassium- 
f i l l e d ,  thin-wal led tubes.  I f  t h e  r a t i o  of p r i n c i p a l  stresses and 
t h e i r  d i r e c t i o n s  remain cons tan t  wi th  t i m e ,  and t h e  test  i s  performed 






E ,  
t 
L t 
= u n i a x i a l  creep s t r a i n  a t  any i n s t a n t  of t i m e  corresponding 
t o  an e f f e c t i v e  stress Ce. 
= mean tube  r a d i u s  
= Poissons r a t i o  
= tube  diameter a t  t h e  n e u t r a l  a x i s  
= i n t e r n a l  p re s su re  
= Young's modulus 
= tube  th ickness  
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This  equat ion excludes thermal s t r a i n  but inc ludes  both t h e  e l a s t i c  
and creep e f f e c t s ;  it rep resen t s  t h e  change i n  d i ame te r  as measured 
whi le  t h e  tube  i s  s t i l l  pressur ized .  
S e l e c t i o n  of t h e  s t a r t i n g  diameter of t h e  D-43 a l l o y  capsules  t o  be 
used i n  these tests w a s  based on t h e  fol lowing parameters:  
1. Creep s t r e n g t h  of D-43 a l l o y  a t  t h e  test  temperature.  
2. Desired t o t a l  u n i a x i a l  s t r a i n  i n  t h e  capsule  w a l l .  
3. Vapor p re s su re  of potassium a t  t h e  test  temperature.  
4. Minimum w a l l  th ickness  of t h e  reduced sec t ion .  A mini- 
mum number of 10 g ra ins  across  t h e  w a l l  i s  requi red .  
I n  order  t o  achieve a t o t a l  u n i a x i a l  s t r a i n  of 5 t o  10% and main- 
t a i n  a tes t  temperature i n  t h e  2000° t o  2200°F range, a minimum w a l l  
t h i ckness  of a t  least  0.020-inch and a reasonable  tube  d i a m e t e r ,  a 
l -1/4- inch diameter Schedule 40 p ipe  s i z e  w a s  s e l ec t ed .  This  p a r t i c u l a r  
p i p e  s i z e  w a s  e s t a b l i s h e d  us ing  t h e  est imated average 1% creep proper- 
t i es  of D-43 a l l o y ,  p l o t t e d  i n  Figure 1, i n  conjunct ion wi th  t h e  vapor 
p r e s s u r e  d a t a  of potassium, shown i n  F igure  2, and equat ion ( 2 ) .  From 
t h e s e  d a t a ,  a p l o t  of t h e  i n s i d e  tube  r a d i u s  vs t h e  test  temperature  
t o  o b t a i n  1% creep i n  300 hours can be made. This  p l o t  i s  shown i n  
F igure  3 f o r  va r ious  w a l l  th icknesses  wi th  t h e  l-1/4-inch diameter p ipe  
s i z e  ind ica t ed .  The parameter of 1% s t r a i n  i n  300 hours w a s  an a r b i -  
t r a r y  s e l e c t i o n  based on t h e  ava i l ab le  creep d a t a  f o r  D-43 a l l o y .  Eval- 
u a t i o n  of t h e  creep p r o p e r t i e s  of t h e  D-43 a l l o y  bar  t o  be used f o r  t h e  
f a b r i c a t i o n  of t h e  a c t u a l  capsules w i l l  be  performed t o  determine s teady  
state,  second s t a g e  creep rates. These data w i l l  be p ro jec t ed  t o  g ive  
t h e  parameters necessary t o  achieve t h e  des i r ed  5 t o  10%. s t r a i n  i n  
1,000 hours.  
spec t  t o  t h e  reduced w a l l  th ickness  w i l l  be made a t  t h a t  t i m e .  
Any necessary modif icat ions i n  t h e  capsule  design w i t h  re- 
The reduced w a l l  s e c t i o n s  of t h e  capsule  are being designed such 
t h a t  t h e  induced stress i s  a t tenuated  b u s e  of a machined f i l l e t .  Th i s  
i n  s h a f t s .  
s e c t i o n s  i n  t h e  vapor and l i q u i d  zones i s  shown i n  F igure  4. Details 
of t h e  gauge s e c t i o n  w i l l  be reported when t h e  design i s  completed. 
technique w a s  developed by Grodzinski(3 3 t o  reduce stress concent ra t ions  
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Figure  1. Estimated Average 1% Creep P r o p e r t i e s  of D-43 Alloy. 
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Figure 3. The Relat ionship Between t h e  T e s t  Temperature and t h e  
D-43 Alloy Capsule Radius t o  Produce 1% Creep i n  300 
Hours f o r  Various W a l l  Thicknesses.  
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D-43 Alloy Capsule 
Schedule 40 Pipe 
(1.66-Inch OD x 
0.140-Inch Thick 
Wall ) ii 
Thermocouple -1 
10.0 
Figure 4. D-43 Alloy Refluxing Potassium Corrosion Capsule with 
Reduced Wall Sections for Measuring Induced Strain. 
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Thermocouple wells are located i n  t h e  top and bottom of t h e  cap- 
s u l e s  such t h a t  temperature measurements can be made i n  t h e  b o i l i n g  and 
condensing zones adjacent  t o  the  reduced w a l l  s ec t ions .  
C.  T e s t  F a c i l i t y  
The stress cor ros ion  r e f l u x  capsule  tests w i l l  be performed i n  a 
Varian high vacuum system (Model VI-16), F igure  5 .  
18 inches  i n  diameter and 30 inches high, i s  made of Type 304SS. The 
u n i t  i s  bakeable t o  450OC and i s  provided wi th  two 4-inch diameter 
Pyrex windows and 11 feed-throughs. The pumping system c o n s i s t s  of 3 
cryogenic molecular sieve type roughing pumps and a 400 J? /sec g e t t e r -  
i o n  pump t h a t  i s  capable  of a t t a i n i n g  a p res su re  i n  t h e  10-10 t o r r  
range i n  t h e  chamber. 
thermocouple gauge from 1 t o  1000 microns and a Varian 971-0003 Bayard- 
Alpert  i o n i z a t i o n  gauge t o  t o r r .  
The vacuum chamber, 
The pressure  i s  measured w i t h  a Hast ings DV-6 
The capsules  w i l l  be heated by tantalum s t r i p  h e a t e r s  adequately 
sh ie lded  from t h e  chamber walls wi th  tantalum r a d i a t i o n  sh ie ld ing .  The 
r egu la t ed  v o l t a g e  supply used t o  c o n t r o l  t h e  temperature i s  expected 
t o  main ta in  an accuracy of 1% at  1000°F and above and 2 10°F below 
1000°F. 
c i l i t y  w i l l  be conducted. The temperature to l e rances  s t a t e d  above are 
expected t o  be maintained a t  t h e  test  temperature and a t  p re s su res  less 
than  1 x t o r r .  
Before i n i t i a t i o n  of t e s t i n g ,  a complete checkout of t h e  f a -  
The change i n  diameter i n  t h e  thin-walled reg ions  w i l l  be measured 
us ing  h igh  p u r i t y  (99.5%) A1203 probes i n  conjunct ion wi th  l i nea r -va r -  
iable-differential-transformers s p e c i a l l y  designed f o r  high vacuum oper- 
a t i o n .  
The design of t h e  LVDT arrangement, shown schemat ica l ly  i n  F igure  
6,  has  been completed; f i x t u r i n g  apparatus  i s  being f a b r i c a t e d  from 
Type 304SS. 
D. T e s t  Program 
The capsules  w i l l  be f i l l e d  wi th  h igh-pur i ty  potassium under a 
vacuum of less than  5 x 10-5 t o r r ,  
s u l e s  w i l l  be sea led  immediately i n  t h e  vacuum by e l e c t r o n  beam welding 
techniques.  
ance Research Corporation as t h e i r  h igh-pur i ty  grade and i s  f u r t h e r  
p u r i f i e d  a t  GE by vacuum d i s t i l l a t i o n  a t  approximately 600°F a t  a p res -  
s u r e  i n  t h e  10-3 t o r r  range and hot  t rapping  approximately 50 hours a t  
Subsequently, t h e  tops  of t h e  cap- 
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Figure 6. LVDT Arrangement for Measuring Induced Strain in the 
Thin-Wall Sections of Reflux Capsules. 
-12- 
1400°F i n  a t i t an ium l ined ,  zirconium ge t t e red  hot  t r a p .  
p u r i f i c a t i o n  sys t em i s  shown i n  Figure 7. 
porassium w i l l  be obtained f o r  t h e  chemical ana lys i s  of m e t a l l i c  i m -  
p u r i t i e s  by spectrographic  techniques and f o r  t h e  analyses  of oxygen 
by t h e  mercury amalgamation method. Addit ional  samples of t h e  tes t  
potassium t h a t  are obtained during t h e  f i l l i n g  operat ion s h a l l  a l s o  
b e  analyzed f o r  oxygen. Af te r  f i l l i n g ,  t h e  capsules  w i l l  r ece ive  a 
c a r e f u l  v i s u a l  and radiographic  examination t o  assure  t h e i r  i n t e g r i t y  
p r i o r  t o  i n s e r t i o n  i n  t h e  high-vacuum chamber. 
The i n t e g r a l  
Samples of t h e  p u r i f i e d  
After  t h e  test exposures i n  the  2000°-22000F temperature range,  each 
of t h e  capsules  w i l l  be drained of t h e  potassium under a helium environ- 
ment and any r e s i d u a l  potassium s h a l l  be removed by vacuum d i s t i l l a t i o n .  
P a r t i c u l a r  a t t e n t i o n  s h a l l  be pa id  t o  determining t h e  ex ten t  of carbon, 
oxygen, n i t rogen  and hydrogen mass t r a n s f e r  between t h e  potassium l i q u i d  
and vapor regions i n  t h e  capsule  by p o s t - t e s t  analyses  of t h e  capsule  
w a l l  s ec t ions .  The p r e - t e s t  and p o s t - t e s t  eva lua t ion  of t h e  capsules  
w i l l  inc lude  dimensional measurements, chemical analyses ,  e l e c t r o n  micro- 
probe  analyses  and metallographic examination. 
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I V .  TASK 11 - BIMETALLIC ISOTHERMAL CAPSULE TESTS 
A. Materials Procurement 
Capsules w i l l  be f a b r i c a t e d  from l-1/4-inch diameter,  Schedule 80, 
Type 316SS and Type 321SS p ipe  as shown i n  F igure  8. The chemical ana l -  
yses  of t h e  s t a i n l e s s  steel p ipe  are shown i n  Table  I and i n d i c a t e  t h a t  
t h e  t i t an ium content  i n  t h e  Type 321SS i s  approximately seven t i m e s  t h e  
carbon content .  Since t h e  molar r a t i o  t o  form T i c  r e q u i r e s  t h e  t i t a n i u m  
content  t o  be only 4 t i m e s  t h e  carbon content ,  t h e  excess  should i n s u r e  
t h a t  a l l  t h e  carbon and n i t rogen  atoms are combined as a carb ide ,  n i t r i d e  
or  ca rbon i t r ide .  
The Cb-1Er a l l o y  shee t  t h a t  i s  t o  be contained w i t h i n  t h e  capsules  
i s  on hand and t e n s i l e  and s t r e s s - r u p t u r e  shee t  specimens (0.040-inch) 
are being machined, F igure  9. Chemica l  a n a l y s i s  of t h e  material i s  
shown i n  Table  11. 
B. T e s t  Program 
The s t a i n l e s s  steel capsules  w i l l  be t e s t e d  i so thermal ly  f o r  a 
per iod  of 1,000 hours a t  approximately 1400OF i n  an a i r  environment. 
The necessary h e a t e r s  and instrumentat ion are on hand and are p r e s e n t l y  
being assembled. 
The potassium t o  be used f o r  t h e  capsule  tes ts  w i l l  be procured and 
p u r i f i e d  i n  t h e  same manner a s  described f o r  Task I .  The capsules  w i l l  
be  f i l l e d  under vacuum (10-5 t o r r  range) ,  u s ing  potassium t h a t  has been 
t r a n s f e r r e d  d i r e c t l y  from t h e  f i n a l  ho t  t rapping  con ta ine r ,  and sea l ed  
by e l e c t r o n  beam welding techniques. Samples of t h e  p u r i f i e d  potassium 
w i l l  be obtained f o r  chemical analyses of metall ic i m p u r i t i e s  by spec- 
t rog raph ic  techniques and of oxygen by t h e  amalgamation method. Also, 
samples w i l l  be taken and analyzed f o r  oxygen each t i m e  a set of cap- 
s u l e s  i s  f i l l e d .  
Af te r  t h e  test  exposure, each of t h e  capsules  w i l l  be drained of 
t h e  potassium under helium environment and t h e  specimens cleaned by 
vacuum d i s t i l l a t i o n .  Evaluat ion of t h e  Cb-1Zr a l l o y  specimens w i l l  i n -  
c lude  dimensional and weight measurements, chemical a n a l y s i s  ffor oxygen, 
n i t rogen ,  hydrogen and carbon, metallographic examination, t e n s i l e  test-  
i n g  a t  room temperature and s t r e s s - rup tu re  t e s t i n g  a t  about 200Q°F. 
Evaluat ion of t h e  s t a i n l e s s  steel w i l l  inc lude  metal lographic  examina- 
t i o n  and chemical a n a l y s i s  f o r  oxygen, n i t rogen ,  hydrogen and carbon. 
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CHEMICAL ANALYSIS OF Cb-1Zr  ALLOY SHEET (MCN 454)  
Element 
C 





0 90 75 
H 5 6 
N 42 14 
Z r  0.89% - 
Ta 500 - 
Fe 50 - 
Si 60 - 
Hf < 50 - 
W < 100 
(1) Kawecki Chemical Company 
I V .  FUTURE PLANS 
A. Task I 
1. Pre-test eva lua t ion  of the D-43 a l l o y  w i l l  be i n i t i a t e d .  
2. The capsule  design w i l l  b e  completed, 
3 .  The LVDT arrangement and f i x t u r i n g  device w i l l  be assembled. 
B. Task I1 
1. P r e - t e s t  eva lua t ion  of t he  s t a i n l e s s  steel p ipe  and Cb-1Zr 
a l l o y  shee t  ~ 5 . 1 1  be completed. 
Fabr i ca t ion  of the s t a i n l e s s  steel capsules  w i l l  be completed. 2. 
3.  The f a c i l i t y  design will be completed. 
4. The h e a t e r s  and necessary ins t rumenta t ion  w i l l  be assembled 




(1) Work Performed Under NASA Contract NAS 3-2140, "Evaluation of 
AS-55 Alloy and Other High Strength Columbium Alloys for Alkali 
Metal Containment," July 25, 1962 to September 15, 1964, General 
Electric Company, Cincinnati, Ohio. 
I 
B 
1 1  I (2) DiStefano, J. R. and Hoffman, E. E., Corrosion Mechanisms in 
Refractory Metal-Alkali Metal Systems , I 1  Atomic Energy Review, 
(1964), Vol. 2, No. 1, pp 20. 
(3) Grodzinski, P., "Investigation on Shaft Fillets," Engineering 




QUARTERLY AND FINAL PROGRESS REPORTS 
Contract NAS3-6012 
NASA 
Washington, D.C. 20546 
At ten t ion :  Arvin Smith (RNW) 
XASA 
Washington, D.C. 20546 
At ten t ion :  James J. Lynch (RN) 
NASA 
Washington, D.C. 20546 
At ten t ion :  George C. Deutsch (RR) 
NASA 
S c i e n t i f i c  & Technical Information F a c i l i t y  
Box 5700 
Bethesda, Maryland 20014 
Attent ion:  NASA Representa t ive@ + Repro.) 
NASA 
Ames Research Center 
Moffet F i e l d ,  Ca l i fo rn ia  94035 
At ten t ion :  Librar ian  
NASA 
Goddard Space F l i g h t  Center 
Greenbelt ,  Maryland 20771 
Attent ion:  Librar ian  
NASA 
Langley Research Center  
Hampton, Vi rg in ia  23365 
At ten t ion :  L ib ra r i an  
NASA 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attent ion:  Librar ian  
NASA 
Lewis  Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
At ten t ion :  D r .  Bernarl 
NASA 
. Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
At ten t ion :  Roger Mather (NPTB) 500-309 
NASA 
L e w i s  Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
At ten t ion :  G. M. A u l t  
NASA 
L e w i s  Research Center 
21000 Brookpark Road 
C1  eve1  and, Ohio 44135 
At ten t ion :  R. L. Davies (WTB) (3) 
NASA 
Lewis  Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
At ten t ion :  John E. D i l l e y  (SPSPS) 
NASA 
Lewis  Research Center 
21000 Brookpark Road 
Cleveland, Ohio 441 35 
At ten t ion :  John Weber - Technology 
U t i l i z a t i o n  Off ice  
NASA 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
At ten t ion :  Thomas Strom 
NASA 
Lewis  Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
At ten t ion :  T. A.  MOSS 
Report Distribution List NAS3-6012 - Quarterly and Final - (Continued) 
NASA 
Lewis Research Center 
21000 Brookpark Road 
C1 eve1 and, Ohio 441 35 
Attention: Dr. Louis Rosenblum (MSD) 
NASA 
Manned Spacecraft Center 
Houston, Texas 77001 
AttentioL-. Librarian 
NASA 
George C. Marshall Space Flight Center 
Huntsville, Alabama 38512 
Attention: Librarian 
NASA 
Jet Propulsion Laboratory 
4800 O a k  Grove Drive 
Pasadena, California 99103 
Attention: Librarian 
NASA 
Western Operations Off ice 
150 Pic0 Boulevard 
Santa Monica, California 90400 
Attention: John Keeler 
National Bureau of Standards 
Washington, D. C. .20225 
Attention : Librarian 
Aeronautical Systems Division 
Wright-Patterson Air Force Base 
Dayton, Ohio 45433 
Attention: Charles Armbruster 
ASRPP-10 
Aeronautical Systems Division 
Wright-Patterson Air Force Base 
Dayton, Ohio 45433 
Attention: T. Cooper 
Aeronautical Systems Division 
Wright-Patterson Air Force Base 
Dayton, Ohio 45433 
Attention: Librarian 
-23- 
Army Ordnance Frankford Arsenal 
Bridesburg Station 
Philadelphia, Pennsylvania 19137 
Attention: Librarian 
Bureau of Ships 
Department of the Navy 
Washington, D.C. 20225 
Attention: Librarian 
Bureau of Weapons 
Research & Engineering 
Material s Division 
Washington, D.C. 20225 
Attention: Librarian 
U . S .  Atomic Energy Commission 
Technical Reports Library 
Washington, D. C. 20545 
Attention: J. M. O'Leary (2) 
U . S .  Atomic Energy Commission 
P.O. Box 1102 
Middletown, Connecticut 06458 
Attention: H. Pennington 
Cane1 Project Off ice 
U . S .  Atomic Energy Commission 
Germantown, Maryland 20767 
Attention: Col. E. L. Douthett 
SNAP 50/SPUR Project Office 
U . S .  Atomic Energy Commission 
Germantown, Mary1 and 20767 
Attention: H. Rochen 
SNAP 50/SPUR Project Office 
U . S .  Atomic Energy Commission 
Germantown, Maryland 20767 
Attention: Major Gordon Dicker 
SNAP 50/SPUR Project Office 
U . S .  Atomic Energy Commission 
Germantown, Maryland 20767 
Attention: Socrates Christopher 
Report Distribution List NAS3-6012 - Quarterly and Final - (Continued) 
U.S. Atomic Energy Commission 
Technical Information Service Extension 
P.O. Box 62 
Oak Ridge, Tennessee 27831 
U . S .  Atomic Energy Commission 
Washington, D.C. 20545 
Attention: M. J. Whitman 
Argonne National Laboratory 
9700 South Cross Avenue 
Argonne, Illinois 60440 
Attention: Librarian 
Brookhaven National Laboratory 
Upton, Long Island, New York 11973 
Attention: Librarian 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37831 
Attention: W. C. Thurber 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37831 
Attention: Dr. A. J. Miller 
Oak Ridge National Laboratory 
Oak  Ridge, Tennessee 37831 
Attention: Librarian 
Off ice of Naval Research 
Power Division 
Washington, D.C. 20225 
Attention: Librarian 
U.S. Naval Research Laboratory 
Washington, D.C. 20225 
Attention: Li.brarian 
Advanced Technology Laboratories 
Division of American Standard 
369 Whisman Road 
Mountain View, California 94040-2 
Attention: Librarian 
Aerojet General Corporation 
P.O. Box 296 
Azusa California 91702 
Aerojet General Nucleonics 
P.O. Box 77 
San Ramon, California 94583 
Attention: Librarian 
(3) Attention: Librarian 
-24- 
AiResearch Manufacturing Company 
Sky Harbor Airport 
402 South 36th Street 
Phoenix, Arizona 85000 
Attention: Librarian 
AiResearch Manufacturing Company 
Sky Harbor Airport 
402 South 36th Street 
Phoenix, Arizona 85000 
Attention: E. A. Kovacevich 
AiResearch Manufacturing Company 
9851-9951 Sepulveda Boulevard 
Los Angeles, California 90045 
Attention: Librarian 
IIT Research Institute 
10 W. 35th Street 
Chicago, Illinois 60616 
Attention: Librarian 
Atomics International 
8900 DeSoto Avenue 
Canoga Park, California 91303 
Attention : Librarian 
AVCO 
Research and Advanced Development Dept. 
201 Lowell Street 
Wilmington, Massachusetts 01800 
Attention: Librarian 
Babcock and Wilcox Company 
Research Center 





















Report Distribution List NAS3-6012 - Quarterly and Final - (Continued) 
Battelle Memorial Institute 
505 King Avenue 
Columbus, Ohio 43200 
Attention: Librarian 
The Bendix Corporation 
Research Laboratories Division 
Southfield, Detroit, Michigan 48200 
Attention: Librarian 
The Boeing Company 
Seattle, Washington 98100 
Attention : Librarian 
Carborundum Company 
Niagara Falls, New York 14300 
Attention : Librarian 
Chance Vought Aircraft, Inc. 
P.O. Box 5907 
Dallas 22, Texas 75222 
Attention: Librarian 
Clevite Corporation 
Mechanical Research Division 
540 East 105th Street 
Cleveland, Ohio 44108 
Attention: N. C. Beerli, 
Project Administrator 
Convair Astronautics 
5001 Kerrny Villa Road 






E. I. duPont de Nemours and Co. ,  Inc. 
Wilmington, Delaware 19898 
Attention: Librarian 
Electro-optical Systems, Inc. 
Advanced Power Sys tems Division 
Pasadena, California 91100 
Attention: Librarian 
-25-  
Ford Motor Company 
Aeronutronics 
Newport Beach, California 92660 
Attention: Librarian 
General Atomic 
John Jay Hopkins Laboratory 
P.O. Box 608 
San Diego, California 92112 
Attention: Librarian 
General Electric Company 
Atomic Power Equipment Division 
P.O. Box 1131 
San Jose , California 
General Electric Company 
Missile and Space Vehicle Department 
3198 Chestnut Street 
Philadelphia, Pennsylvania 19104 
Attention: Librarian 
General Electric Company 
Vallec i tos 
Vallecitos Atomic Lab. 
Pleasanton, California 94566 
Attention : Librarian 
General Dynamics/Fort Worth 
P.O. Box 748 
Fort Worth, Texas 76100 
Attention: Librarian 
General Motors Corporation 
Allison Division 
Indianapolis, Indiana 46206 
Attention: Librarian 
Hamilton Standard 
Division of United Aircraft Corporation 
Windsor Locks, Connecticut 
Attention: Librarian 
Hughes Aircraft Company 
Engineering Division 
Culver City, California 90230-2 
Attention: Librarian 
Report Distribution List NAS3-6012 - Quarterly and Final - (Continued) 
Lockheed Missiles and Space Division 
Lockheed Aircraft Corporation 
Sunnyvale, California 
Attention: Librarian 
Marquardt Aircraft Company 
P.O. Box 2013 
Van Nuys , California 
Attention: Librarian 
The Martin Company 
Baltimore, Maryland 21203 
Attention: Librarian 
The Martin Company 
Nuclear Division 
P.O. Box 5042 
Bal t imore , Mary1 and 21 220 
Attention: Librarian 
Martin Marietta Corporation 
Metals Technology Laboratory 
Wheeling, Illinois 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 02139 
Attention: Librarian 
Materials Research and Development 
Manlabs, Incorporated 
21 Erie Street 
Cambridge, Massachusetts 02139 
Materials Research Corporation 
Orangeburg, New York 
Attention: Librarian 
McDonnel Aircraft 
St. Louis, Missouri 63100 
Attention: Librarian 
MSA Research Corporation 
Callery, Pennsylvania 16024 
Attention: Librarian 
North American Aviation 
Los Angeles Division 
Los Angeles, California 90009 
Attention: Librarian 
- 26- 
Pratt & Whitney Aircraft 
400 Main Street 
East Hartford, Connecticut 06108 
Attention: Librarian 
Pratt & Whitney Aircraft 
CANEL 
P.O. Box 611 
Middletown, Connecticut 06458 
Attention: Librarian 
Republic Aviation Corporation 
Farmingdale, Long Island, New York 
Attention: Librarian 
Rocketdyne 
Canoga Park, California 91303 
Attention: Librarian 
Solar 
2200 Pacific Highway 
San Diego, California 92112 
Attention: Librarian 
Southwest Research Institute 
8500 Culebra Road 
San Antonio, Texas 78206 
Superior Tube Company 
Norristown, Pennsylvania 
Attention: Mr. A. Bound 
Sylvania Electrics Products, Inc. 
Chem. & Metallurgical 
Towanda, Pennsylvania 
Attention: Librarian 
Temes cal Met a1 1 ur gic a1 
Berkeley, California 94700 
Attention: Librarian 
Thompson Ram0 Wooldridge, Inc. 
Caldwell Res Center 
23555 Euclid Avenue 
Cleveland, Ohio 44117 
Attention: Librarian 
1 h 
Report Distribution List NAS3-6012 - Quarterly and Final - (Continued) 
Thompson Ram0 Wool dridge, Inc . 
Caldwell Res Center 
23555 Euclid Avenue 
C1 eve1 and, Ohio 441 17 
Attention: G.  J. Guarnieri 
Thompson Ram0 Wooldridge, Inc. 
New Devices Laboratories 
7209 Platt Avenue 
Cleveland, Ohio 44104 
Attention: Librarian 
Union Carbide Corporation 
Stellite Division 
Kokomo, Indiana 
At tent ion : Librarian 
Union Carbide Nuclear Company 
P.O. Box x 
Oak Ridge, Tennessee 37831 
Attention: X-10 Laboratory 
Records Department 
Union Carbide Metals 
Niagara Falls, New York 14300 
Attention: Librarian 
United Nuclear Corporation 
Five New Street 
White Plains, New York 10600-5 
At tent ion : Librarian 
Vought Astronautics 
P.O. Box 5907 
Dallas, Texas 75222 
Attention: Librarian 
Wah Chang Corporation 
A1 bany , Oregon 
Attention: Librarian 
Westinghouse Electric Corporation 
Astronuclear Laboratory 
P.O. Box 10864 
Pittsburgh, Pennsylvania 15236 
Attention: Librakian 
Westinghouse Electric Corporation 
Materials Manufacturing Division 
RD#2 Box 25 
Blairsville, Pennsylvania 
Attention: Librarian 
Mr. W. H. Podolny 
United Aircraft Corporation 
Pratt & Whitney Division 
400 W. Main Street 
Hartford 8, Connecticut 




North Grafton, Massachusetts 
Attention: Librarian 
Westinghouse Electric Corporation 
P.O. Box 10864 
Pittsburgh 36, Pennsylvania 
Attention: R. T. Begley 
Union Carbide Corporation 
Parma Research Center 
P.O. Box 6115 
Cleveland, Ohio 44101 
Attention: Technical Information 
Services 
(2) Astronuclear Laboratory 
-27- 
E. I .  duPont de Nemours & Company, Inc. 
Wilmington, Delaware 19858 
Attention: E. M. Mahla 
Westinghouse Electric Corporation 
Aerospace Electrical Division 
Lima, Ohio 
Attention: R. W. Briggs 
Eitel McCullough, Incorporated 
301 Industrial Way 
San Carlos, California 




















Report Distribution List NAS3-6012 - Quarterly and Final - (Continued) 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 
Attention: W. H. Cook 
Westinghouse Electric Corporation 
Research & Development Center 
Pittsburgh , Pennsylvania 15 235 
Attention: Librarian 
-28- 
